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Previewsnetwork are unknown, the current work
brings us one step closer to under-
standing the regulatory circuitry that
specifies recognition and activation of
immune signaling in plants.
Conclusions
This work provides strong evidence
bridging the gap between PTI and ETI
through the virulence function of path-
ogen effector proteins. Future work aimed
at identifying the function of PBLs, as well
as BIK1, in the absence of pathogen
infection will likely provide insight into
the evolution of host-pathogen interac-
tions, both in terms of virulence andpathogenicity, as well as conservation of
shared and/or overlapping immune
signaling pathways.
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Tetherin inhibits HIV and other enveloped viruses by grasping particles at the budding site and preventing
their release. An article by Hinz and coworkers (Hinz et al., 2010) in this issue of Cell Host & Microbe reveals
remarkable irregularities within the coiled-coil domain of the tetherin dimer that enhance flexibility of the
molecule and contribute to its function.Host restriction of viral replication can take
place at multiple points in the virus life
cycle. Tetherin (also known as BST-2/
CD317) is a cellular restriction factor best
known for its inhibition of HIV and other
retroviruses, but it also restricts arenavi-
ruses and flaviviruses (Jouvenet et al.,
2009). The wide range of viruses affected
by tetherin suggests that restriction is
unlikely to be mediated through interac-
tions with specific viral structural proteins,
but rather through interactions with other
constituents of the lipid bilayer that are en-
riched at the budding site. Tetherin is an
unusual type II membrane protein that
is anchored in the membrane by both a
transmembrane domain and a C-terminal
glycosyl-phosphatidylinositol (GPI) an-
chor. The presenceof aGPI anchor places
tetherin in lipid rafts, and it has been sug-
gested that tetherin may serve to organize
lipid rafts in the membrane, with the GPI
anchor in the lipid raft and the transmem-brane domain on the outside (Kupzig
et al., 2003). Tetherin forms homodimers
that retain particles at the budding site in
the absence of counteracting measures.
Viruses, in turn, have developed means
to overcome this restriction. The HIV-1
Vpu protein downregulates tetherin from
the cell surface and relieves tetherin-
mediated restriction, while SIV species
use Nef for overcoming tetherin’s effects
(Neil et al., 2008; Sauter et al., 2009; Zhang
et al., 2009). Electron microscopic anal-
ysis of cells infected with vpu-deficient
HIV demonstrates a remarkable pheno-
type in which arrays or clusters of virion
particles have completed budding but
remain attached to the plasmamembrane
of the cell. Tetherin is concentrated at the
particle budding site, especially at the
base of the developing particle, and is
present between strings of virions that
have completed the budding process
(Hammonds et al., 2010). The biology oftetherin and dissection of the mechanism
bywhich viruses overcome tetherin-medi-
ated restriction has been a topic of great
interest since the identification of this
restriction in 2008 (Neil et al., 2008; Van
Damme et al., 2008).
Tetherin dimers and the way in which
they hold on to virions can be modeled in
a number of ways. The molecule forms
a disulfide-linked dimer, and retention of
at least one cysteine for disulfide bonding
is required for restriction (Perez-Caballero
et al., 2009). The ectodomain includes
a coiled-coil motif that provides additional
interactions, and gross disruption of this
motif also interferes with function. An arti-
ficial form of tetherin in which the coiled-
coil motif of tetherin was replaced with
that of the dystrophia myotonica protein
kinase was able to restrict particle release
(Perez-Caballero et al., 2009). Present
models thus conclude that both disulfide
bond formation and interactions withine 7, April 22, 2010 ª2010 Elsevier Inc. 261
Figure 1. Models for Tetherin Conformational Flexibility and Molecular Ruler Function
(A) Schematic depiction of tetherin dimers at the particle budding site and in lipid rafts. The tetherin
ectodomain is shown to dimerize in the article by Hinz and colleagues (Hinz et al., 2010) through the forma-
tion of a relatively ‘‘loose’’ coiled coil that may allow partial separation and enhanced flexibility at the
particle budding site (A). In addition, the authors conclude that tetherin serves as a molecular ruler
regulating the separation of plasma membrane and particles and potentially regulating membrane
microdomains, as depicted in (B).
(B) Model for tetherin dimers forming a ‘‘fence’’ or border for lipid rafts. The cytoplasmic amino-terminal
ends of the molecules are indicated (NH2), with the GPI anchors (red lines) located in the raft.
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Previewsthe coiled-coil domain contribute to dimer
stability and to the function of the mole-
cule. However, the precise orientation of
the tetherin dimer in bridging viral and
cellular membranes has not been previ-
ously established. The tetherin dimer link-
ing these membranes has been modeled
as an extended rigid structure oriented in
aperpendicularmanner to thecell surface.
An alternative model could also be envi-
sioned, where both membrane anchors
of an individual monomer are present in
onemembrane, with the coiled-coil region
aligning parallel to the membrane. An
enhanced understanding of the structural
orientation of the tetherin dimer has the
potential to contribute to understanding
the function of the molecule.
In this issue ofCell Host &Microbe, Hinz
and colleagues solve the structure of
a large portion of the tetherin ectodomain
by X-ray crystallography and expand on
their findings through small-angle X-ray
scattering data to derive a model of the
tetherin dimer as a parallel coiled coil
with a kink (Hinz et al., 2010). The authors
describe irregularities within the 90 A˚
coiled-coil dimer segment that may be
significant in the role of the molecule
as a particle tether. Instead of forming
a regular coiled-coil of maximum stability,
tetherin introduces destabilizing residues
into central heptad positions, leading
to a change in the pitch of the coiled coil
and to increased separation of the two
coils. The tetherin dimer’s coiled-coil
interaction is therefore much less stable
than a prototypical coiled-coil dimer, ex-
plaining why the structure is unstable in
the absence of disulfide bonds.
Why would this imperfect dimerization
domain enhance the biological function
of the molecule? The authors provide
two potential explanations. First, the rela-
tively unstable coiled coil may open up or
dissociate, allowing interactions with a
second, yet-unknown ligand to form a
hetero-oligomer. Second, the ability to
dissociate provides the potential for a
dynamic structure, one that may be more
flexible to accommodate the particle
budding process. One can imagine teth-
erin molecules that might separate and
then reform coiled-coil interactions to
accommodate dynamic shifts in mem-
brane curvature and lateral movement of
membrane components at the site of
budding while maintaining the dimer itself
through disulfide linkage, as depicted262 Cell Host & Microbe 7, April 22, 2010 ª2schematically in Figure 1A. Alternatively,
dimers may dissociate completely during
budding and then reform, providing an
added degree of dynamic movement in
the membrane by tetherin monomers.
Hinz et al. also introduce the concept
of the molecular ruler in the function of
tetherin. An extended a-helical ectodo-
main, as revealed by the small-angle
X-ray scattering data, would predict that
the two membrane anchors of tetherin
are separated by 170 A˚. This distance
would then be predicted to separate
tethered particles from each other and
the membrane-tethered particles from
the plasma membrane itself (depicted
by the rulers in Figure 1A). Although
the authors suggest that published elec-
tron micrographs support this degree of
separation, it may require a 3D recon-
struction of tethered virions at the particle
budding site to truly test this idea. The
significance of this degree of spacing
remains to be determined, as does the
role of the ‘‘kink,’’ a relatively unstructured
segment of the ectodomain that can
tolerate insertion of heterologous se-
quences such as a hemagglutinin (HA)
tag. However, it is possible that spacing
of lipid raft domains at theparticle budding
site may also be regulated by tetherin.
Kupzig and coworkers previously pro-
posed that the GPI anchor of multiple
tetherin molecules exist within a raft, with
the transmembrane domains forming
a ‘‘picket fence’’ outside the raft domain,
as depicted in Figure 1B (Kupzig et al.,
2003). A recent report from this group
provides additional clues to under-
standing more of the cell biology of this010 Elsevier Inc.restriction factor and provides a rich area
for future investigation of the nature of
the particle budding site. The cytoplasmic
tail of tetherin was found to interact with
RICH2, a ligand for EBP50, which binds
to ezrin and thus links tetherin to the
actin cytoskeleton (Rollason et al., 2009).
Trafficking of these and other adaptor
molecules may help direct tetherin to the
site of budding, and activation of the actin
cytoskeleton may itself help to define the
particle budding site. Regulation of actin
cytoskeletal activation could help form
a network of linked rafts at certain sites
on the membrane, with tetherin perform-
ing an organizing role for the raft network.
Although the precise signals leading to
particle formation at this site are not clear,
the concentration of both lipid rafts and
tetherin at the budding site and on HIV
particles is suggestive of an active role.
During the budding process, as raft lipids
are incorporated into the developing viral
envelope, tetherin dimers might separate
or at least shift substantially to allow lateral
movement of lipids that are normally
‘‘fenced in’’ by tetherin. Thus, the confor-
mational flexibility and relative instability
of the coiled coil indicated by the present
study may be necessary in the budding
process.
The possibility that the coiled-coil
domain of a tetherin dimer interacts with
an additional cellular protein or with
components of the extracellular matrix
remains to be fully explored. The exis-
tence of an additional ligand is not
required by the available evidence, but it
is an alternative explanation for the rela-
tive relaxation of the solved structure.
Cell Host & Microbe
PreviewsThe paper by Hinz and colleagues thus
provides a structure that enhances our
understanding of the particle budding
site and of the mechanism of restriction
by tetherin while leaving an abundance
of fertile ground for others to plow.
REFERENCES
Hammonds, J., Wang, J.J., Yi, H., and Spearman,
P. (2010). PLoS Pathog. 6, e1000749.
Hinz, A., Miguet, N., Natrajan, G., Usami, Y.,
Yamanaka, H., Renesto, P., Hartlieb, B.,McCarthy,
A.A., Simorre, J.-P., Go¨ttlinger, H., and Weissen-horn, W. (2010). Cell Host Microbe 7, this issue,
314–323.
Jouvenet, N., Neil, S.J., Zhadina, M., Zang, T.,
Kratovac, Z., Lee, Y., McNatt, M., Hatziioannou,
T., and Bieniasz, P.D. (2009). J. Virol. 83, 1837–
1844.
Kupzig, S., Korolchuk, V., Rollason, R., Sugden, A.,
Wilde, A., and Banting, G. (2003). Traffic 4, 694–
709.
Neil, S.J.D., Zang, T., and Bieniasz, P.D. (2008).
Nature 451, 425–430.
Perez-Caballero, D., Zang, T., Ebrahimi, A.,
McNatt, M.W., Gregory, D.A., Johnson, M.C., and
Bieniasz, P.D. (2009). Cell 139, 499–511.Cell Host & MicrobRollason, R., Korolchuk, V., Hamilton, C., Jepson,
M., and Banting, G. (2009). J. Cell Biol. 184,
721–736.
Sauter, D., Schindler, M., Specht, A., Landford,
W.N., Mu¨nch, J., Kim, K.-A., Votteler, J., Schubert,
U., Bibollet-Ruche, F., Keele, B.F., et al. (2009).
Cell Host Microbe 6, 409–421.
Van Damme, N., Goff, D., Katsura, C., Jorgenson,
R.L., Mitchell, R., Johnson, M.C., Stephens, E.B.,
and Guatelli, J. (2008). Cell Host Microbe 3,
245–252.
Zhang, F., Wilson, S.J., Landford, W.C., Virgen, B.,
Gregory, D., Johnson, M.C., Munch, J., Kirchhoff,
F., Bieniasz, P.D., and Hatziioannou, T. (2009).
Cell Host Microbe 6, 54–67.e 7, April 22, 2010 ª2010 Elsevier Inc. 263
